Introduction
acute hypoxic training bouts are interspersed within a training programme. These acute training bouts,
11
however, present a substantially negative impact on exercise capacity (Wehrlin & Hallén, 2006 ) and 
15
The magnitude of acute hypoxia's ergolytic effect is dependent on the type of exercise and the duration 16 (Wyatt, 2014) . Indeed, mean power output during 5 min time trial (TT) reduces by 7% every 1000 m 17 (Clark et al., 2007) and exercise capacity is reported to decline by 9.4% in the first 500 m with a greater effect may be attributed to the shorter duration of activity during RSE tests; given the suggestion that high intensity exercise lasting less than 2 min is largely unaffected by hypoxia (Wyatt, 2014 
4
Despite current evidence from experimental investigations, a pooled effect from all available evidence 28 will offer a more generalisable understanding of the effect of acute hypoxia on exercise performance.
29
The influence of acute hypoxia during exercise is subject to large inter-individual variability, with that possessed a superior VO2max . Thereby, suggesting that athletes of a higher 35 training status may be subject to a greater decrement in performance compared to their untrained 36 counterparts. While, susceptibility to SaO2 reductions is reported to be a more robust predictor of 37 exercise performance under hypoxia, given the preservation of SaO2 during exercise is linked to the 38 improved maintenance of 3000 m running performance under acute moderate hypoxic conditions 39 (Chapman et al., 2011) . Therefore, reducing peripheral oxygen delivery to active musculature, as 40 inferred through a lower SaO2, is a hypothesised to be a primary moderator of exercise performance 41 within acute hypoxic conditions.
42
The purpose of this study was to perform a systematic review and meta-regression to quantify the effect 
48

Method
49
This meta-analysis followed the principles outlined in the Preferred Reporting Items for Systematic
50
Reviews and Meta-analyses (PRISMA) guidelines.
51
Eligibility criteria
52
'fractional inspired oxygen') with exercise performance ('time trial (TT)' repeated sprint exercise 80 (RSE)', 'anaerobic exercise', 'Wingate' and 'sprint performance') or exercise capacity ('time to 81 exhaustion (TTE)', 'exercise capacity'); with all searches restricted to the article titles. The articles were 82 then all reviewed for relevance, which was assessed by the title, with all remaining articles downloaded 83 for further screening and assessment against the eligibility criteria of this review. The reference lists of 84 all retrieved articles and of relevant review articles were also screened for additional eligible articles.
85
The abstracts of all studies were subsequently reviewed to narrow the pool the studies reviewed in full.
86
This list of eligible studies obtained independently were then compared and amalgamated for data 87 extraction. The last search was undertaken in April 2017.
88
Data collection process
89
The data from all eligible studies were extracted into a standardised excel template (S.K.D) and checked 
99
Data were primarily extracted as mean power output (or velocity) or total work done from the TT and 100 intermittent exercise protocols, while exercise duration was extracted for all exercise capacity tests.
101
Authors of studies where required data were missing or outcomes were not reported appropriately for 102 this review were contacted for further information. Where performance data was not reported in mean 103 power output or work done, but rather test completion time, the available datum was converted into 104 mean power (Carr, Hopkins, & Gore, 2011) . Investigations that included multiple exercise tests and varying magnitudes of hypoxia and experimental data from independent groups were extracted as separate outcomes. groups (< 2 mins, 2 -10 min and > 10 mins) as the ergolytic effect of hypoxia is proposed to be dependent on duration (Wyatt, 2014 
136
Data analysis
137
The ratio of means (ROM) method was used to establish pooled effects and variances of hypoxic 
146
The calculation of the variance of ROM requires knowledge of the correlation (r) between sea level and 147 hypoxic trial outcomes, which is not commonly reported. Estimates from individual studies were 148 obtained using reported t statistics as follows (equation 3):
150
Appropriate information was only available for 23 studies; therefore, a pooled single estimate of the 
Results
Study characteristics
176
Fifty-three studies met the inclusion criteria set for this review (Table 1) , which provided effect statistics for 82 outcomes within 798 participants and ranged from 500-5700 m altitude (mean ± SD: 3000 ± (13.2% ± 7.2%). Only five studies were performed utilising hypobaric hypoxia and therefore the type 182 of hypoxic exposure was not considered as a moderator in this study.
183
Quality assessment
184
Under the GRADE research quality assessment, the overall quality is rated high due to the inclusion of 185 only randomised control trials in this review and the limited evidence to warrant the downgrading of 186 quality. Methodological limitations and bias in the included articles, were assessed against pre-187 determined criteria, with the percentage of studies demonstrating each criterion as follows: (1) 
210
TTE sub-groups to determine the interaction effects with linear and quadratic effects of altitude elevation (Table 2) , which are depicted in Figure 2 . The magnitude of SaO2 decline was also determined 212 to have the largest moderating effect on TTE exercise compared to the three other exercise types, with 213 a -4.5 ± 0.5% (95% CI -5.4% to -3.6%) for every 1% reduction in SaO2. A lower -1.3 ± 0.4% (95% CI
214
-2.1% to -0.5%) moderating effect for every 1% reduction in SaO2 was also evident on TT performance.
Acute hypoxia had no effect on exercise of < 2 min duration (-6.3 ± 5.6%; 95% CI -16.1% to -3.8%),
217
however exercise between 2-10 min and > 10 min had a significant -18. 
221
A similar moderating effect of SaO2 was noted for the 2-10 min category at -2.4 ± 0.7% (95% CI -3.8%
222 to -1.0%) and over 10 min category at -2.8 ± 0.6% (95% CI -3.9% to -1.6%) for every 1% reduction in
223
SaO2.
224
Moderating effect of training status
225
Trained and healthy individuals were found to have a pooled -21.8 ± 6.8% effect (95% CI -31.2% to -
226
11.1%) and -29.5 ± 9.6% (95% CI -41.1% to -15.5%) decline in performance with acute hypoxia,
227
respectively. Given the variance in the range of altitude elevations and greater mean elevation in the 228 healthy cohort, further analysis that controlled for altitude found a non-significant effect between sub-
229
groups. There was however, a difference in the moderating effect of SaO2 between the sub-groups, with 230 a significant moderating effect for every 1% reduction in SaO2 apparent in trained (-2.8 ± 0.5%; 95%
Owing to the large proportion of outcomes in the intermittent exercise group also classified as < 2 min 
234
253
The curvilinear relationship between exercise and hypoxic exposure is described by a quadratic model.
254
This is equivalent to the meta-analytic model previously used to describe the relationship with VO 2max 
273
This diminished central motor output may, in part, explain the exponential decline in performance
274
observed with greater elevation.
275
The magnitude of the impairment with acute hypoxia is dependent on the type and duration of exercise,
276
with TT performance and TTE tests found to elicit ergolytic effects, while sprint and intermittent tests 
292
The lack of effect during short duration (< 2 min) exercise bouts is also reflected in previous research 
308
There is evidence to suggest an individual variability in exercise response to acute hypoxic exposure,
309
which is predominantly accounted by superiorly trained individuals exhibiting the largest decrement 
312
further identified that individuals that exhibited the greatest reductions in SaO2 during a 3000 m running 313 performance, experienced a greater impairment in running performance. In the current study, performance decrements between healthy and trained cohorts could not be differentiated when controlling for differing hypoxic exposures. However, the moderating effects of SaO2 were more 316 evident within trained individuals with a significant 2.8 ± 0.5% fall in performance for every 1% 317 reduction in SaO2, while no significant moderating effect was noted in healthy individuals. This is 318 however, presented with a caveat as fewer outcomes were included in the healthy cohort sub-group,
319
which may have contributed to the null findings. Nonetheless, SaO2 was demonstrated to have an 320 overall moderating effect, which was most evident during TTE tests and TT performance.
321
In this review, the effects of the type of hypoxic exposure (i.e. normobaric vs hypobaric) could not be Exercise duration categories are numerically defined as: (1) < 2min; (2) 2-10 min; and (3) > 10 min. 
